Abstract Defatted peanut flour is rich source of protein and popularly use for fortification of different food products. Pasta was prepared using semolina, whereas defatted peanut flour and carrot powder were added for fortification. Response surface methodology was used to analyze the effect of peanut flour, semolina and carrot fiber on overall acceptability, percent expansion, hardness, solid loss and bulk density of pasta product. A rotatable central composite design was used to develop models for the responses. It was found out that an increase in semolina to peanut flour and carrot powder ratio increased the percent solid loss and decreased the hardness of uncooked pasta. Individual contour plots of the different responses were superimposed and regions meeting the maximum overall acceptability (7.81) and hardness (26.984 kg) as well as minimum solid loss (11.47 %) and bulk density below 260 kg/m 3 however percent expansion was found below 190 %. The product was acceptable at ingredient composition of 205.59 g semolina, 16.70 g peanut flour and 10 g carrot powder.
Introduction
Peanut (Arachis hypogaea) is an important legume crop. It is rich both in oil and protein content. World produces 34.05
Million Metric Ton (MMT) peanut in the year 2010. The peanut oil production is 4.91 MMT (34.81 %) of total shelled peanut seed production (Zhao et al. 2011) . Around 13 % is used for seed purpose, 48.19 % is obtained as cake utilized for feed, 2 % goes as waste and remaining only 2 % available for the direct or indirect food consumption (FAO 2012) .
Oil is extracted from oilseed either mechanical or solvent extraction in a batch or continuous process. The high temperature in most of the efficient mechanical extractors damage the edible quality of obtained defatted materials and found not suitable for human consumption. The problem of this nature is not associated with solvent extraction. By-products derived from the harvested peanut and peanut oil extractions are peanut cake or meal, peanut skin, peanut hull and peanut vine (Zhao et al. 2011) . Moreover the peanut cake or meal was used as nutritional source for the manufacture of bakery products (Ory and Conkerton 1983) like cookies (Tate et al. 1990 ), breads (Jan et al. 2003) and chapattis (Bhat 1977) , breakfast cereals (Coccodrilli et al. 1979) , peanut butter (Lima et al. 2000) and popular drinks (Holsinger et al. 1978) . Pasta can be made fortified by combination of soy (Lamacchia et al. 2010) , sweet potato and soy (Limroongreungrat and Huang 2007) , edible Japanese seaweed and wakame (Prabhasankar et al. 2009 ) and marine foods (Kadam and Prabhasankar 2010) with semolina.
Dietary fiber is a healthy food ingredient (Dhingra et al. 2012 ) which contents nonstarch polysaccharide substances including cellulose, hemi-cellulose, pectins, mucilage and gums that are resistant to digestion by alimentary enzyme in human and most animals. Carrot is one of the important root vegetables rich in bioactive compounds like carotenoids and dietary fibers with appreciable levels of several other functional components having significant health-promoting properties (Sharma et al. 2012) . Carrot juice yield reported to be only 60-70 % and one third of the raw material remain as pomace which is mainly disposed as feed or fertilizer which contains large amount of valuable compounds such as carotenes and dietary fiber. Therefore carrot residue can be utilized for repairing bread (Ohsawa et al. 1994) , cake, dressing and pickles (Ohsawa et al. 1995) , and for the production of functional drinks (Henn and Kunz 1996) .
Response surface methodology (RSM) is an effective statistical technique for the investigation of complex processes. The main advantage of RSM is the reduced number of experimental runs needed to provide sufficient information for statistically acceptable result (Giovanni 1983) . It is a faster and less expensive method for gathering research result than the classical method. RSM has successfully been applied for the development and optimization of the cereal products (Thakur and Saxena 2000; Singh et al. 2004; Chakraborty et al. 2011; Vijayakumar and Boopathy 2012) .
The nutritional value of pasta is not very high as it is rich in starch, significantly low concentration of protein, devoid of dietary fiber. Incorporation of protein rich and high fiber material enhance the nutritional and functional quality of pasta (Chalamaiah et al. 2011; Kaur et al. 2011; Sudha and Leelavathi 2011) . The defatted peanut meal if utilized for the food purpose may prove in solving the existing problem of protein calorie malnutrition (PEM). Considering the above facts the present study was undertaken to prepare the peanut base fiber rich pasta.
Materials and methods
Materials Semolina, carrot, salt and fat were procured from local market of Sangrur, Punjab. Juice of fresh carrot was extracted using juicer (Ajanta, India) and residue was dehydrated in cabinet dryer at 70°C for 6 h. Particle size of dehydrated residue was reduced for use in pasta preparation. Punjab-1 peanut verity was procured from Ludhiana market. It was powdered and defatted using hexane as solvent. The residual hexane of defatted peanuts flour was removed using vacuum oven. The vacuum of 720 mmHg and temperature 70°C up to 8 h was used. A pasta making machine (Extruder, model: Dolly; La Monforrina, Asti, Italy) was used in the present study.
Processing of pasta Pasta was prepared by mixing semolina, defatted peanut flour and carrot fiber along with constant proportions of salt and fat, 3 % and 5 % respectively (Table 2) . Water was added to the raw ingredients to make the mixture of about 30 % moisture content. Mixing and kneading the mass for 15 min was done to produce stiff, plastic, homogeneous dough. The dough was then passed through an extruder at specified pressure and a series of die orifice. The extruded product (tubular shape with a ribbed surface of 0.92 mm thickness, 5.3 mm external diameter and 32.0 mm length) were cut into pieces of uniform size with a knife moving over the outer die surface. Extruded samples were dried in cabinet drier at 60°C for 30 min and packed in commercially available low density pouches (Singh et al. 2004) .
Quality characteristics of pasta The prepared pasta was tested to establish the maximum sensory score, percent expansion, hardness and minimum solid loss. The values are average of triplicate determination.
Percent expansion (after cooking) Ten gm of pasta was taken in measuring cylinder which content 50 ml of oil. The amount of oil layer displace gave the volume of uncooked sample (V 1 ). The sample was cooked at boiling water for 5 min. Cooked sample was transferred in to measuring cylinder containing oil and volume of cooked sample was noted (V 2 ). Percent expansion after cooking was calculated as below (Bayram et al. 2004) .
Solid loss Ten gram of pasta was weighed and cooked it in 200 ml boiling water for 5 min. The cooked sample was taken out from water and cooking water was drained into 250 ml volumetric flask and volume was made up to 250 ml. 10 ml of cooking water was evaporated in an hot air oven at 100°C to determine the weight of residue (Singh et al. 2004; Bruneel et al. 2010; Petitot et al. 2010) .
Solid Loss ð%Þ ¼ AB Â 100 CD =
Where, A 0 weight of residue, B 0 Volume of cooking water (250 ml), C 0 Initial sample weight (10 g), D 0 Volume of sample taken for residual estimation (10 ml).
Hardness The hardness of the uncooked pasta was carried out using Kramer Shear Cell of a texture analyzer (model TA-XT2; Stable Micro Systems, Haslemere, UK) under the fallowing conditions and values of hardness were obtained using the developed macro in the software Texture Expert version 1.22. Load cell-25 kg (force in compression), Pre test speed-2 mm/s, Test speed-2 mm/s, Post test speed-10 mm/s, Distance -5 mm, Trigger-5 g, Data Acquisition Rate-200pps, Probe Type-5-Bladed Kramer Shear Cell (HDP/KS5) using 50 kg load cell (Carini et al. 2009; Carini et al. 2010; Petitot et al. 2010) .
Sensory evaluation Sensory analyses of cooked pasta were carried out using nine point hedonic scales (Ranganna 1986 ) by semi trained panel of 15 members. Various parameters like color, appearance, texture and taste were taken for analysis and average of these parameters was considered as overall acceptability.
Bulk density Twenty gram of uncooked pasta was weighed and put in 100 ml measuring cylinder. Volume occupied by pasta was measured and bulk density was calculated as follows.
Bulk Density kg=m
Volume occupied by Pasta
Experimental design and statistical analysis The experiments were designed, considering that overall acceptability, percent expansion, hardness and solid loss of the product were functionally related to specific composition, and attempt were made to fit multiple regression equation describing responses to quality composition. Ingredients were formulated using varying ratio of semolina, peanut flour and carrot fiber whereas salt and fat percents were kept constant. The ingredients compositions at design center point were taken as semolina (A) 180 g, peanut flour (B) 15 g and carrot fiber (C) 10 g.
Ingredients were converted to ratios which were varied independently to fit in multiple factor analysis (Singh et al. 2004; Thakur and Saxena 2000) . The ratios selected for this experiment were given as follows.
The design depends upon the symmetric selection of variation increments about the center composition. The levels of variations were chosen to be within the increments, since interpretation of the result was valid only within the experimental limits. The increments of variation for each variable, spaced around the center point ratio are presented in Table 1 .
All the experiments were carried out in triplicate. A central composite rotatable design (CCRD) was used to evaluate the combined effect of different variables on its product quality ( Table 2 ). The design matrix is a 2 2 factorial design combined with 5 central points and 4 axial points where one variable is set at an extreme level (±1.414) while other variables are set at their central points (Montgomery 1996) .
Response surface methodology (RSM) was used to determine the effect of variables on product quality. A second degree polynomial equation (Eqn.1) was fitted in each response to study the effect of variables and to describe the process mathematically.
Where, a o , a i , a ii and a ij are the regression coefficients and x i , x j are the coded levels of independent variables i and j.
Data were processed using statistical software, DesignExpert 6.0 program including ANOVA to obtain the interaction between the process variables and the responses. Model adequacy was evaluated using F ratio and coefficient of determination (R 2 ) represented at 1, 5 and 10 % level of significance accordingly.
Results and discussion
Validation of the fitted model Responses for all the experimental design are given in Table 2 . The linear, quadratic and interaction effects were calculated for each model. The regression coefficients and correlation coefficients for each model are shown in Table 3 . The correlation coefficients for the responses solid loss, hardness, overall acceptability and bulk density are quite high for response surfaces and indicate that fitted quadratic model accounted for more than 80 % of the variance in the experiment data which were found to be highly significant. However ingredient formulation doesn't have significant effect on percent expansion after cooking. Based on t-statistics, the only regression coefficient significant at 95 and 99 % levels were selected for developing the model as follows:
Hardness ðY 3 Þ ¼ 18:12 þ 4:87 X 2 þ 7:21X 1
With an increase in semolina ratio, solid loss was slightly increased and then subsequently decreased with further increase in semolina ratio as well as hardness and bulk density were decreased till design center point and then increased with increase in semolina ratio. This might be due to high percent of wheat protein in the mixture which help for better binding of pasta. With an increase in peanut flour ratio, solid loss was found more prominent as well as hardness and overall acceptability was found to be increased. This may be due to substitution of semolina by peanut flour attributed to the structural changes in the protein network, which reflected on the solid loss. Increase in solid loss by substitution of semolina with defatted corn, cassava, and cowpea were also reported by Granito et al. (2002) and with germinated pigeon pea flour by Torres et al. (2007) in pasta products. However peanut flour ratio had a quadratic positive effect on bulk density. An increase in semolina ratio combined with an increasing peanut flour ratio was found to increase hardness and overall acceptability of pasta. Although with an increase in peanut flour ratio combined with a decreasing semolina ratio was found to increase solid loss during cooking of pasta. Zhao et al. (2005) reported that with an incorporation of legume flours for spaghetti, cooking loss and firmness increased with an increase in legume flour addition.
Analysis of variance An analysis of variance was calculated for selected model to assess how well the model fitted to the data. An analysis of variance for all the responses is presented in Table 4 . The F-value for solid loss, hardness, overall acceptability and bulk density (5. 71, 5.24, 6.89, and 5.22 ) were significant at 95 % probability level. On this basis it can be concluded that the selected models adequately represent the data for solid loss, hardness, overall 
Conditions for optimum responses
The criteria of maximum overall acceptability (OAA), minimum percent solid loss and other variables in the range were taken for the optimization of ingredient formulation for preparing pasta. The optimized condition found was X 1 at 1 and X 2 at 0.34 coded levels. At the optimum point ingredients composition found was 205.59 g semolina, 16.70 g peanut flour and 10 g carrot powder.
The response surfaces were obtained by plotting graph between two variables which gives the optimum response in the equations of Y 1, Y 3, Y 4 and Y 5 . The effect of semolina and peanut flour ratio on solid loss of cooked pasta, hardness of uncooked pasta, overall acceptability of cooked pasta and bulk density of uncooked pasta are presented in Figure 1 . The percent solid loss was found maximum with high percent of peanut flour in the semolina ( Figure 1A) . The hardness was found decreased because of increased semolina to peanut flour ratio ( Figure 1B) . The high overall acceptability might be because of higher semolina to peanut flour and carrot powder ratio ( Figure 1C ). The bulk density of uncooked pasta found to be increased with increased in semolina to peanut and carrot powder ratio ( Figure 1D ). Optimization by graphical methods Optimum area was found out by superimposing contour graph for all the responses, using ingredient level that established limits of acceptable quality for each factor as shown in Fig. 2 . Since the optimum processing variables for each response did not fall exactly in the same region in the two dimensional space formed by the ingredient levels, constraints were selected so that all responses met their optimum acceptable region with the same ingredient level. It was assumed that a score of OAA from 7.58 to 8.00, solid loss from 12.62 % to 14.25 %, hardness from 18.53 kg to 24.38 kg, bulk density below 260 kg/m 3 and percent expansion found below 190 % were acceptable. Superimposing the individual contour plots for the response variables resulted in the identification of a region (Shown by the middle dark area) which satisfy all the constraints as shown in Fig. 2 . At this superimposition, the predicted values of OAA, solid loss and hardness were 7.81, 11.47 % and 26.984 kg respectively. However it may not be advisable to set the experimental conditions very rigid and therefore a tolerance level has been given to each process variable and response. Hence, the final optimum conditions are given in Table 5 . The product of optimized level was prepared and found 11.51±1.65 moisture, 4.57±0.54 fat, 18.68±1.98protein, 1.93±0.08 ash and 4.53±0.67 crude fiber content.
The coded values were first decoded into actual ratios as per the equation in Table 1 and these ratios (x 1 and x 2 ) were transformed into actual variables (A and B) by solving the algebraic equation as describe in the experimental section.
Conclusion
The peanut base fiber rich pasta was prepared effectively by optimizing the ingredient levels using RSM with a minimum number of experiments. During this study it was observed that peanut flour and carrot powder significantly affected the pasta quality and increase in semolina to peanut flour and carrot powder ratio increased the percent solid loss and decreased the hardness of uncooked pasta. This pasta will solve the problem of protein calorie malnutrition (PEM) of people who are habitual to eat pasta in their daily life and provide the dietary fiber for solving the problem of constipation due to junk food.
